Background. Cardiac surgery-associated acute kidney injury (CSA-AKI) depicts a major complication after cardiac surgery using cardiopulmonary bypass (CPB). Objective. CSA-AKI has clearly been linked to increased perioperative morbidity and mortality. Dysregulations of vasomotor tone are assumed to be causal for CSA-AKI. While catechol-O-methyltransferase (COMT) is involved in metabolizing catecholamines, a single-nucleotide polymorphism (SNP) in the COMT gene leads to different enzyme activities according to genotype. Pilot studies found associations between those COMT genotypes and CSA-AKI. Methods. We prospectively included 1741 patients undergoing elective cardiac surgery using cardiopulmonary bypass (CPB). Patients were genotyped for COMT-Val158Met-(G/A) polymorphism (rs4680). Results. Demographic characteristics and procedural data revealed no significant differences between genotypes. No association between COMT genotypes and the RIFLE criteria could be detected. A multiple linear regression analysis for postoperative creatinine increase revealed highly significant associations for aortic cross-clamp time ( < 0.001), CPB time ( < 0.001), norepinephrine ( < 0.001), and age ( < 0.001). No associations were found for COMT genotypes or baseline creatinine. With an 2 = 0.39 and a sample size of 1741, the observed power of the regression analysis was >99%. Conclusions. Based on our results, we can rule out an association between the COMT-Val158Met-(G/A) polymorphism and the appearance of CSA-AKI.
Introduction
Cardiac surgery-associated acute kidney injury (CSA-AKI) depicts a major complication in the postoperative course after cardiac surgery using cardiopulmonary bypass and has been linked to increased mortality and morbidity [1, 2] . An individual preoperative risk assessment could offer crucial information to clinicians and finally lead to improved outcomes. The emergence of perioperative genomics has enabled the detection of potential genetic risk factors in order to individualize and optimize therapy [3] [4] [5] [6] [7] .
Dysregulations of vasomotor tone have been assumed to be causal for CSA-AKI [8] . The catechol-O-methyltransferase (COMT) is one of the enzymes essential for metabolizing circulating serum catecholamines and thus is involved in the regulation of vascular resistance. The enzyme coding region contains a well-investigated single-nucleotidepolymorphism (SNP) in codon 158 (rs4680), in which valine (Val) is substituted to methionine (Met) through a substitution of guanine to adenine. Three genotype groups (homozygous Val158Val, heterozygous Val158Met, and homozygous Met158Met) result from this substitution, which subsequently leads to different enzyme activities based on changes in thermostability. The Met/Met-genotype has a 3-4-fold reduced enzymatic activity compared to the Val/Val-genotype [9] . Considering the crucial role of catecholamine therapy during the perioperative period, we assumed that differences in COMT activities triggered by different genotypes in 130 Disease Markers the COMT-Val158Met-polymorphism subsequently result in a lower or higher risk for CSA-AKI.
The COMT-Val158Met-polymorphism has been intensively studied. Associations have been found with the susceptibility and appearance of cognitive phenotypes, psychiatric disorders and changes in brain activation and structure, and cancer susceptibility [10, 11] . Furthermore, links between COMT genotypes and increased risk of coronary events or the outcome of patients with ischemic heart disease have been revealed [12] [13] [14] .
In a recent study enrolling 260 patients, an association of the COMT genotype with the appearance of CSA-AKI was described. The authors showed that different COMT genotypes were correlated with varying perioperative plasma catecholamine levels. The COMT-Met/Met homozygosity was identified to be an independent risk factor for shock, length of hospital stay after cardiac surgery, and CSA-AKI [15] .
In this study, we sought to investigate the influence of the COMT-Val158Met-polymorphism on CSA-AKI in a group of 1741 patients undergoing cardiac surgery with CPB.
Methods
From December 2006 to July 2009, a total of 1741 consecutive patients undergoing cardiac surgery with CPB were included. In patients who underwent multiple surgeries with CPB, only the first surgery was considered. Patients with cardiogenic shock due to endocarditis ( = 3), patients after renal transplantation ( = 3), patients after nephrectomy ( = 2), and patients with preoperative requirement of dialysis ( = 12) were excluded. All patients received antifibrinolytic treatment according to the protocol of our institution to minimize the risk of postoperative bleeding. No patient within the study group was treated with monoamine oxidase (MAO) or COMT inhibitors.
The study was approved by the local ethics committee (888/03). Written informed consent was obtained from all participating patients. After admission, genomic DNA was purified from drawn blood samples using the DNeasy blood and tissue kit (QIAGEN, Hilden, Germany) according to the manufacturer's recommendation. The COMT-Val158Met-(rs4680) polymorphism was detected by fluorescence-based real-time PCR analysis and subsequent melting curve analysis on a LightCycler 1.5 (Roche, Mannheim, Germany). The following primers and probes were used (TIB MOLBIOL, Berlin, Germany): forward primer 5 GGG CCT ACT GTG GCT ACT CA 3 , reverse primer 5 GGC CCT TTT TCC AGG TCT G 3 , sensor probe 5 ATT TCG CTG GCA TGA AGG ACA AG-fluorescein (specific for the 158Met allele), and anchor probe 5 LC640-TGT GCA TGC CTG ACC CGT TGT CA 3 .
Genomic DNA (1 L) was amplified in a total volume of 10 L with 0.4 U FastStart Taq polymerase (ROCHE) in the presence of 50 mM Tris/HCl, 10 mM KCl, 5 mM (NH 4 )SO 4 pH 8.3, 2.5 mM MgCl 2 , BSA (0.5 mg/mL), dNTPs (0.2 mM each), 650 nM of primers, and 188 nM of probes using the following conditions: 10 min at 95 ∘ C to activate Taq polymerase followed by 35 cycles with heating to 95 ∘ C and 57 ∘ C for 10 sec and 72 ∘ C for 10 sec. After amplification, the PCR fragment was subjected to a melting curve analysis. The reaction was heated to 95 ∘ C, cooled down to 40 ∘ for 2 min, and slowly heated to 80 ∘ C at a ramp rate of 0.1 ∘ C/sec with continuous recording of the fluorescence signal which was plotted against the temperature, thereby yielding the respective melting points of either allele. The for the Val and Met alleles were approximately 60.5 ∘ C and 66.5 ∘ C, respectively. According to the melting curve analysis, patients were distributed into three genotype groups. These groups were analyzed for an association of genotype with an overall increase of postoperative creatinine and the frequency of acute postoperative kidney injury according to RIFLE criteria [16] . RIFLE groups were classified according to postoperative creatinine levels-"risk": increased creatinine ×1.5-2.0; "injury": increased creatinine ×2-3; "failure": increased creatinine ×3.0; "loss": complete loss of kidney function > 4 weeks; "ESRD": end stage renal disease (complete loss of kidney function > 3 months). Due to length of hospital stay, the groups "loss" and "ESRD" (end stage renal disease) could not be evaluated.
Statistical tests were run with IBM SPSS Statistics (version 20; IBM, Armonk, NY, USA); the power analysis was performed with StatPages.org. For continuous variables mean values ± standard deviation, for ordinally scaled variables numbers and corresponding percentages were listed. For comparison of group mean values, an analysis of variance (ANOVA) was used. For comparative analyses of categorical variables, an 2 -test was run. Pearson correlation coefficients were calculated for the evaluation of bivariate correlations. A multiple linear regression analysis evaluated the influence of age, norepinephrine, CPB time, aortic cross-clamp time, creatinine at baseline, and Met/Met genotype on postoperative creatinine increase. An explorative, two-sided value of less than 0.05 was considered significant for all results. There is no correction for the issue of multiple testing due to the screening nature of the study. In addition, this is a conservative interpretation for no-association results.
Results
The distribution of homozygous and heterozygous groups was in accordance with the Hardy-Weinberg equilibrium. Group I (Val/Val) consisted of 417 patients, group II (Val/Met) of 850 patients, and group III (Met/Met) of 474 patients. Baseline characteristics were equally distributed across genotype groups ( Table 1 ). The overall gender distribution was 1214 (69.73%) males to 527 (30.27%) females. Mean age in Val/Val was 66.33 ± 11.62 years, and in Val/Met 66.01 ± 11.67 years, in Met/Met 66.08 ± 12.28 years.
Surgical procedures were distributed into "CABG" (coronary artery bypass grafting), "valve, " "CABG + valve, " and others. There was no difference between genotype groups. Detailed perioperative data are given (Table 2) .
Baseline creatinine in Val/Val was 1.01 ± 0.38 mg/dL, in Val/Met 1.00 ± 0.38 mg/dL, and in Met/Met 0.98 ± 0.31 mg/dL, = 0.556. Peak postoperative creatinine during (Figure 1 ). Genotype groups were tested for the occurrence of acute kidney injury according to the RIFLE classification.
AKI occurred in 103 (26.1%) patients in group I Val/Val ("risk": 77 (19.5%), "injury": 18 (4.6%), and "failure": 8 (2%)); in 190 (23.4%) patients in group II Val/Met ("risk": 123 (15.1%), "injury": 46 (5.7%), and "failure": 21 (2.6%)); in 105 (23.3%) patients in group III Met/Met ("risk": 71 (15.7%), "injury": 21 (4.7%), and "failure": 13 (2.9%)). The analysis revealed no significant differences in the incidence of acute kidney injury, = 0.532 (Figure 2 ). The following parameters showed significant linear correlations with a postoperative increase of creatinine in both the univariate and the multivariate analyses: age ( = 0.205; < 0.001), bypass time ( = 0.131; < 0.001), aortic clamp time ( = 0.058; = 0.017), amount of transfused blood ( = 0.450; < 0.001), and amount of applicated norepinephrine ( = 0.469; < 0.001) (Figure 3) .
Neither Met/Met genotype nor baseline creatinine was a risk factor for perioperative creatinine increase. With an 2 = 0.39 and a sample size of 1741, the observed power of the regression analysis for delta creatinine was >99% (Table 3) .
Discussion
CSA-AKI is a common complication following cardiac surgery using CPB and is associated with longer intensive care and hospital lengths of stay, decreased short-and long-term survival, and increased healthcare resource utilization [1, 2, 17, 18] . Although statistical models based on demographic and procedure-related parameters have proven to be useful in assessing perioperative risks, predictors often have poor predictive value for the individual patient.
In 2009, Haase-Fielitz et al. reported on an association of COMT genotype on postoperative kidney injury in 260 patients undergoing cardiac surgery with CPB [15] . The authors measured perioperative plasma norepinephrine levels across genotype groups. Patients with homozygous Met/Met COMT polymorphisms had significantly higher plasma levels of norepinephrine and revealed a significantly higher frequency of vasodilatory shock, longer duration of shock, and a higher frequency of acute kidney injury. Moreover, the homozygous genotype was independently associated with longer intensive care and hospital length of stay [15] .
For the detection and classification of acute kidney injury, several models exist, whereas the RIFLE and AKIN classifications remain the two models used in clinical routine. In a large multicenter study including 16,784 patients from 303 intensive care units, Joannidis et al. found that RIFLE criteria showed better robustness and a higher detection rate of AKI [19] . Furthermore, RIFLE classification takes into account baseline creatinine that was routinely obtained from all of our patients' admission. For those reasons, we decided to use the RIFLE classification in our study and did not find significant associations with COMT genotypes.
Furthermore, Tolpin et al. showed that even subclinical changes in serum creatinine depict an independent risk factor for all-cause 30-day mortality after cardiac surgery [2] . In a retrospective cohort of 3914 patients undergoing cardiac surgery using CPB, those changes in creatinine that did not meet acute kidney injury criteria according to RIFLE or AKIN were independently associated with allcause 30-day mortality [2] . These findings correlate well with an earlier study by Lassnigg et al., who also found an association between minimal serum creatinine changes in the perioperative period and mortality after cardiac surgery [1] . Additionally, a recent multicenter study revealed that perioperative creatinine levels are superior in detection of CSA-AKI in comparison with other parameters like cystatin C [20] .
Therefore, we chose the perioperative creatinine change for multiple regression analysis and the subsequent power analysis (Table 3) , and we did not find any association between the COMT genotypes and creatinine increase. This analysis had a statistical power >99%. While this most sensitive parameter for AKI after cardiac surgery was not associated with COMT genotypes, we can rule out deleterious effects of the COMT-Val158Met-polymorphism on CSA-AKI.
An assumed cause for CSA-AKI is the systemic inflammatory response syndrome (SIRS) [21] . In cardiac surgery, CPB triggers a complex immune response through different cascades including endogenous and exogenous toxins, damages through ischemia, reperfusion, and reactive oxygen species, resulting in disturbances of microcirculation and vasomotor tone [22] [23] [24] [25] . Almost all patients after CPB have temporary vasodilatation with reduced peripheral vascular resistance. For maintenance of a sufficient perioperative blood pressure in defiance of adequate intravascular volume substitution and sufficient cardiac index, vasopressors are the treatment of choice [26, 27] . Nevertheless, vasopressor use itself is a known risk factor for CSA-AKI, as well as the length of aortic crossclamp and CPB times [28, 29] .
Haase-Fielitz et al. described associations of COMT genotypes with duration of vasodilatory shock and the frequency of acute kidney injury [15] . The authors suppose that persistent vasodilatation may be caused by high circulating catecholamine levels via -adrenoceptor downregulation and desensitization in vascular smooth muscle cells [30] . In our study, 82.8% of the patients received vasopressor therapy regardless of the COMT genotype (Table 2) , and the duration of vasopressor therapy turned out to be a major risk factor for CSA-AKI (Table 3) . Despite its assumed role in catecholamine metabolism and the high rate of patients who received vasopressor therapy, COMT genotypes did not turn out as a predictor for CSA-AKI. In comparison to HaaseFielitz et al., we did not measure plasma catecholamine levels.
Developments in translational and personalized medicine are promising. Advances in next-generation sequencing technologies will rapidly facilitate substantial progress in the discovery of genetic risk factors. Nevertheless, the specific role of the COMT-Val158Met-polymorphism in renal catecholamine metabolization and local blood pressure regulation remains controversial. In conclusion, neither the RIFLE criteria nor the more sensitive creatinine changes during the postoperative period were influenced by COMT genotypes.
